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Abstract 
Metro system in China has been expanded with a remarkable speed resulting in great concerns on passenger safety in case of emergency. 
Accidents in rail tunnel may cause even severe fatalities as the results of its particular geometry and confined conditions. In this article, a 
simulation model was adopted to study the evacuation process in a rail tunnel. Nine cases were designed for understanding the influence 
of varied train stopping locations on passenger evacuation performances. The simulation results were then evaluated by several 
performance indicators including total clearance time, average egress time, average travel time as well as average delay for passengers in 
each case. The study revealed that different detrainment scenarios would probably result in varied evacuation process. Analysis in this 
study may provide implications for countermeasures against emergent detrainment in rail tunnel. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Introduction 
With the rapid development of China, its metro networks have been established in a remarkable rate. Such expansion of 
metro system has caused the substantially increase of passenger volumes over these years. We understand that zero risk 
situations cannot be guaranteed, thus passenger safety in case of emergency becomes one of the major concerns for the 
design engineers, mass transit company as well as the government. Accidents in rail tunnel may cause even severe fatalities 
as the results of its particular geometry and confined conditions. It is therefore of great importance that adequate 
consideration to all aspects related to evacuation should be given in fire safety design of rail tunnels. 
In order to study human behavior in rail tunnel evacuation and influence of underground facility on passenger egress 
efficiency, tunnel fire incident surveys [1], tunnel evacuation experiments in laboratory [2] as well as full-scale drills [3] 
have been conducted. Standards and hand books such as NFPA (National Fire Protection Association) 130—Fixed 
Guideway Transit and Passenger Rail Systems for tunnel emergency egress provisions [4] and the SFPE (Society of Fire 
Protection Engineers) hand book [5] also provide some knowledge on tunnel design for evacuation and fire protection. 
Though a great number of simulation models for pedestrian and evacuation dynamics in buildings have been developed [6, 
7], and some building evacuation models have been applied to simulate the evacuation process in tunnels and subway 
stations [8]. However, detailed studies on the topic considering the influences of dimension or circumstance change on 
pedestrian evacuation process are still rare and of great importance as a result of the special nature of rail tunnel and 
sometimes uncontrolled detrainment in tunnel. In a study by Liu et al [9] a continuous agent based model was used to 
examine the influence of the walkway width and cross-passageway spacing on the evacuation time and queuing pattern 
during the evacuation.  
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In an emergency situation such as a fire on the train, the strategy is to avoid detrainment in tunnel whenever possible. 
The train will continue to the next station where detrainment can be most quickly proceeded. Nevertheless, alternative 
evacuation strategy should be considered if the train stalled in tunnel and detrainment in tunnel is the only option. The 
performance evaluation of different tunnel evacuation strategies cannot be effectively studied by drill exercises. In this 
article, an agent-based microscopic rail evacuation tool—CityFlow-R has been adopted to investigate the rail tunnel 
evacuation issues. This article mainly focused on identifying the influence of different train stopping locations on 
evacuation time and the queuing patterns of pedestrians in rail tunnel. The simulation results can provide implications to 
mass transit company on the countermeasures against emergent evacuation in rail tunnel.    
2. The simulation model—CityFlow-R 
The evacuation model for rail system, CityFlow-R, is developed based on a pedestrian traffic simulation model—
CityFlow and described in detail in a recently published paper [10], and thus only a very brief introduction of the model will 
be presented here in this paper. 
The layout information in our simulation model is represented in a network approach by dividing the geometry into 
“zones” connected to one another by “connections”. This network structure can be automatically generated from the pre-
processed AutoCAD drawing in DXF format. Then the system demand can be set up through an Origin-Destination matrix 
that defines all the possible routes and their properties, including the flow rate at the source, the construction of every type 
of pedestrian, and probabilities of choosing every route. 
The model is implemented in two levels: the strategic, tactical level behavior in macroscopic level and the operational 
behavior in microscopic level. The macroscopic level mainly deals with the long-term route choice and map navigation 
tasks to decide a route and obtain a regional perceptive target. The microscopic level decides the local movement of the 
agents at every time step, which comprises the following two modules. The route choice and map navigation module 
identifies the temporary desired regional target of movement, and the agent-based individual movement module uses the 
target to govern the actual movement, and then calculate the real movement direction and distance in the next time step 
based on detailed environment information and a set of rules. 
In the agent-based individual movement module, choosing the movement direction for each pedestrian at every time step 
is the key process. To decide the direction, utility maximization approach was used. The utility represents the strength of 
pedestrians’ willingness to move in certain direction, and the direction with the strongest utility will be selected by 
considering the following factors: (1) the efficiency of approaching the target; (2) the distance from the nearest obstacles or 
the geometry boundaries; (3) the distance from the nearest agent on the certain direction.  
3. The tunnel evacuation scenarios 
In case of detrainment, passengers can use the elevated pathway to move towards the exits. To avoid passengers walking 
too long in a tunnel, cross-passages are provided to link the adjacent tunnels. In other words, passengers can escape to the 
adjacent tunnel, which may be clear of smoke, by passing through the cross-passageway, as shown in Fig. 1. As indicated in 
[9], the walkway width of around 1000mm and the distance which is equal to the length of a train (211m) were critical 
values in rail tunnel evacuation, which would be adopted in our study. Table 1 shows detailed information about the train 
and tunnel in the simulation cases. 
Table 1. The train and tunnel details in detrainment simulation cases 
Features Details 
Train dimension 8 cars with 211 m in length 
Train exit doors 5 exit doors per car with 1500 mm width 
Intercar gangway 1600 mm in width 
Train capacity 2400 passengers (about 60 passengers need to exit per door) 
Tunnel walkway width 1000 mm  
Tunnel cross-passageway width 1120 mm 
Tunnel cross-passageway spacing 211 m (equal to length of the train) 
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Fig. 1. Schematic illustration of the detrainment in rail tunnel. 
There are some assumptions used in our simulation cases: (1) exits are entering locations of the adjacent tunnel 
connecting by cross-passageway, all the passengers will choose the route with shortest distance towards them; (2) 
passengers will move orderly and no panic situation happens; (3) Passengers on the train start escaping as soon as 
emergency like fire has been confirmed, indicating passengers response times are not considered; and (4) passengers are 
evenly distributed to all the train doors, and will discharge in uniform rate from train doors (but if passengers outside the 
train door block the way, passengers will stay in car and queue up for proper time entering the tunnel). 
Our study focused on the influence of the different train stopping locations on the passengers’ evacuation performances. 
Nine cases have been setup correspondingly. Case 1 describes the train stops right between two cross-passageways (CP1 
and CP2), passengers will evacuate through the nearest cross-passageway to the adjacent tunnel, which will result in a 
balanced use of these two cross-passageways. In case two, the train stops about half –car length ahead, a little more 
passengers will choose the left cross-passageway. By analogy, case 3-9 is about half of the train car length ahead of the 
stopping location in the previous case, and case 9 represents the train doors equally distribute by the CP1. As the cross-
passageway spacing is equal to the length of the train, the above nine cases can roughly illustrate the possible detrainment 
situation in tunnel.   
    
 
Fig. 2. Overview of scenarios for varied detrainment locations. 
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4. Simulation results and discussions 
As some of the rules in our model are stochastic in nature, the simulation results will be a slightly different even when 
the simulation repeats with the same input information. As a result, we run the model 5 times for each case in our study, and 
Fig. 3 shows the average evacuation performances of passengers for the nine cases in the simulation. Several performance 
indicators used in this study are illustrated as follows: 
x Total clearance time is calculated when the simulation starts until the last agent arrives at the final target. 
x Average egress time is the average value of time intervals calculated when simulation starts until an agent arrives at its 
final target. 
x Average travel time is the average value of time intervals for an agent moving from its origin to the final target. 
x Average delay time is the average value of time differences between individual egress time and travel time. 
 
(a)     (b)     
      (c)     (d)  
Fig. 3. The evacuation performance of the nine cases in terms of (a) Total clearance time, (b) Average Egress Time, (c) Average travel time, and (d) 
Average delay time. 
In order to describe the train stopping locations more clearly, we use the left cross-passageway (CP1) in Fig. 2 as a 
reference. It is obvious when the train stops right between two cross-passageways (case 1), the total clearance time is 
minimal; whereas the time is longest when the train doors symmetrically separated by one cross-passageway (case 9), as 
shown in Fig, 3(a). In Fig. 3(b), the average egress times for case 1-6 are very close, but the value increases sharply for case 
7-9. In terms of the average travel time in Fig. 3(c), we can see it gradually climes from case 1 to case 6, and the trend 
changes rapidly from case 7 to case 9. This is probably due to the uneven distribution of passengers who used CP1 and CP2. 
Furthermore, we also introduced the term of average delay time, which represents the time difference between the 
individual egress time and travel time during detrainment evacuation process for each case (Fig. 3(d)). It may reflect the 
average queuing and waiting time for passenger to get out of train cars. Similar to the results of average egress time, 
passengers in case 1-6 experienced similar less delay time, but from case 7 on, the average delay time for passengers 
increases obviously and reaches the peak in case 9. Interestingly, the relatively short delay time occurred in case 4-6  
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(a)  (b)  (c)  
(d)   (e)   (f)  
(g)    (h)     (i)  
Fig. 4. The egress time distribution and cumulative percentage of passengers arrived at exit against time for (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) 
Case 5, (f) Case6, (g) Case7, (h) Case 8, and (i) Case 9.  
Besides, the egress time distributions and cumulative percentage of passengers arrived at exits against time for case 1-9 
have been given in Fig. 4. In terms of egress time distributions for the nine cases, we can find passengers distribute more 
evenly in each time interval. It is probably because in those two cases, train doors are symmetrically allocated by the cross-
passageway, resulting in similar travel distances and density levels for passengers from the two symmetrical train doors. It is 
therefore passenger numbers for each time categories vary a lot in case4-6. With cumulative percentage of passengers 
557 W.L. Wang and T.Y. Jacqueline Lo /  Procedia Engineering  71 ( 2014 )  552 – 557 
arrived in exits, we can easily estimate the efficiency of evacuation process for each case in simulation. In general, during 
the initial and last stages of the evacuation process, the percentage of passengers arrived at exit increases rapidly, indicating 
the situation that people may move with free walking speed during those stages as there are relatively less people in the 
tunnel. Conversely, the percentage rises slowly during the central evacuation process because of the density-speed restrains. 
Among all the cases, Case 6 seems the most efficient though not necessary with the least clearance time, in which 50% of 
the passengers arrived at exit at the time of around 200s after evacuation, and 70% of the passengers reached safe area at 
about 260s. And case 9 has longest evacuating time at each stage like 30%, 50%, 70% and 100% of the evacuation process, 
with about 30 seconds away from that in case 6.  
5. Concluding Remarks 
By referring to the literatures on rail tunnel evacuation and the requirements stated in NFPA 130 and suggested in SFPE 
handbook, this paper has adopted an agent-based microscopic simulation model for studying rail tunnel evacuation problem. 
The varied detrainment locations have been investigated through nine cases in this study, and the passenger evacuation 
processes have been simulated using CityFlow-R. 
In our detrainment scenarios, walkway width and cross-passageway spacing have been kept unchanged and the values 
suggested in a previous paper were used. On the basis of some assumptions, the influence of train stopping location on 
evacuation process in rail tunnel has been investigated and evaluated by several performance indicators, including total 
clearance time, average egress time, average travel time as well as average delay time. It has been found that when the train 
stops right between two cross-passageways, the total clearance time is minimal; whereas the time is longest when the train 
doors symmetrically separated by one cross-passageway. By considering the total egress time, detrainment location in Case 
1 is best for evacuation with shortest-distance assigning approach. Taking efficiency of evacuation process into 
consideration, detrainment location in Case 6 has certain advantages. The above analysis in this study may provide some 
implications for countermeasures against emergent detrainment in rail tunnel. 
In future study, we will investigate more scenarios with varied cross-passageway spacing and optimized routes assigning 
approaches.    
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